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1. Synthesis 
	  
All reagents and starting materials were used as obtained from commercial sources. 4,5-Bis(2-
ethylhexylsulfonyl)phthalonitrile (1),[1] 4-[(tert-butyldimethylsilyloxy)methyl]phthalonitrile 
(2),[2] 4-iodophthalonitrile (3)[3] and [Co(dtb-bpy)3][PF6]2/3[4] were prepared according to 
literature procedures. 
 
2,3,9,10,16,17-Hexakis(2-ethylsulfonyl)-23-hydroxymethyl-5,28:14,19-diimino-
7,12:21,26-dinitrilotetrabenzo[c, h, m, r][1, 6, 11, 16]tetraazacycloeicosinato-(2-)- N29, 
N30, N31, N32  zinc (II) (4)  
A solution of 4,5-bis(2-ethylhexylsulfonyl)phthalonitrile (1) (3.0 eq, 1.248 mmol, 600.0 mg), 
4-[(tert-butyldimethylsilyloxy)methyl]phthalonitrile (2) (1.0 eq, 0.416 mmol, 113.3 mg) and 
Zn(OAc)2 (1.2 eq, 0.499 mmol, 91.6 mg) in 8 mL of o-DCB/DMF (3:1)  was heated at 170 ºC 
under an argon atmosphere for 18h. After cooling down to room temperature, the solvent was 
removed under reduced pressure and the blue crude was dissolved in dry DCM (75.0 mL) for 
the next step. A 1.0 M solution of TBAF in THF (2.0 eq, 0.832 mmol, 0.83 mL) was added to 
de above DCM solution of protected phthalocyanine under an argon atmosphere. The reaction 
mixture was stirred at room temperature for 3 h. Then, the mixture was washed with brine (3 
x 20 mL) and dried over MgSO4.  After filtration of the drying agent, solvent was removed 
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under vacuum and the solid obtained was submitted to column chromatography on silica with 
gradient elution using toluene/AcOEt mixtures (starting from 4:1 and increasing proportions 
of AcOEt until the ratio of 1:1 was attained). The asymmetric phthalocyanine 1 was eluted, 
washed in an acetonitrile/water mixture (2:1, 10.0 mL), filtered and dried under vacuum, 
affording hydroxymethylphthalocyanine 4 (0.017 mmol, 27.7 mg)   as a blue powder. Yield: 
4%.  
1H-NMR (300 MHz, THF-d8): δ (ppm) = 10.35-10.11 (m, 4H; Pc-H), 9.91 (m, 2H; Pc-H), 
9.14 (m, 2H; Pc-H), 8.11 (s, 1H; Pc-H), 5.24 (d, J = 5.5 Hz, 2H; CH2OH), 4.88 (t, J = 5.5 Hz, 
1H; CH2OH), 4.32-3.77 (m, 12H; SO2CH2-R), 2.73-2.48 (m, 6H; SO2CH2CHR), 1.86-1.44 
(m, 48H; SO2CH2CH(CH2CH3)CH2 CH2CH2CH3), 1.18-0.88 (m, 36H, CH3). FT-IR (film): ν 
(cm-1) = 3515 (νst O-H), 2957, 2930, 2862, 1851, 1776, 1563, 1460, 1409, 1293 (νst as SO2), 
1142 (νst sim SO2). UV-Vis (THF): λmax (nm) (log ε) = 703 (5.20), 665 (5.10), 640 (4.72), 602 
(4.41), 367 (4.77). HRMS (MALDI-TOF, DCTB + PEGNa 1500): m/z calculated for 
C81H114N8O13S6Zn [M+]: 1662.61; found: 1662.6102. 
 
2,3,9,10,16,17-Hexakis(2-ethylsulfonyl)-23-iodo-5,28:14,19-diimino-7,12:21,26- 
dinitrilotetrabenzo[c, h, m, r][1, 6, 11, 16]tetraazacycloeicosinato-(2-)- N29, N30, N31, N32  
zinc (II) (5) 
A solution of 4,5-bis(2-ethylhexylsulfonyl)phthalonitrile (1) (3.0 eq, 1.187 mmol, 570.0 mg), 
4-iodophthalonitrile (3) (1.0 eq, 0.395 mmol, 100.0 mg) and Zn(OAc)2 (1.2 eq, 0.474 mmol, 
87.0 mg) in 3.2 mL of o-DCB/DMF (3:1) was heated at 170 ºC under argon atmosphere for 
18h. After cooling down to room temperature, the solvent was removed under reduced 
pressure and the crude was poured in water and extracted with DCM (3 x 25 mL), and washed 
with water (3 x 20 mL) and brine (20 mL). Combined organic layers were dried over MgSO4 
and evaporated. Purification by column chromatography on silica gel using a mixture of 
chloroform/THF (40:1) as the eluent, and  subsequent washing with an acetonitrile/water 
mixture (2:1, 75.0 mL) afforded the unsymmetrically substituted ZnPc 5 as a green solid 
(0.098 mmol, 177.5 mg). Yield: 25%. 
1H-NMR (300 MHz, THF-d8): δ (ppm) = 10.39 (m, 3H; Pc-H), 10.26 (s, 1H; Pc-H), 10.14 (s, 
1H; Pc-H), 9.99 (s, 1H; Pc-H), 9.67 (s, 1H; Pc-H), 9.08 (s, 1H; Pc-H), 8.55 (s, 1H; Pc-H), 
4.23-3.89 (m, 12H; SO2CH2-R), 2.73-2.48 (m, 6H; SO2CH2CHR), 1.85-1.35 (m, 48H; 
SO2CH2CH(CH2CH3)CH2 CH2CH2CH3), 1.15-0.92 (m, 36H; CH3). FT-IR (film): ν (cm-1) = 
2928, 2860, 1776, 1572, 1464, 1410, 1302 (νst as SO2), 1140 (νst sim SO2). UV-Vis (THF): λmax 
(nm) (log ε) = 699 (5.25), 669 (5.22), 640 (4.70), 608 (4.53), 371 (4.84). HRMS (MALDI-
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TOF, DCTB + PPGNa 2000): m/z calculated for C80H111IN8O12S6Zn [M+]: 1758.4976; found: 
1758.4963. 
 
2,3,9,10,16,17-Hexakis(2-ethylsulfonyl)-23-formyl-5,28:14,19-diimino-7,12:21,26- 
dinitrilotetrabenzo[c, h, m, r][1, 6, 11, 16]tetraazacycloeicosinato-(2-)- N29, N30, N31, N32  
zinc (II) (6) 
To a well-stirred and colorless solution of IBX (2.0 eq, 0.216 mmol, 61.2 mg) in DMSO (0.9 
mL) was added a solution of ZnPc 4 (1.0 eq, 0.108 mmol, 180.0 mg) in THF/DMSO (2:1, 1.8 
mL, 0.9 mL). The mixture was left stirring at room temperature overnight. The reaction was 
monitored by TLC until all the starting material was consumed. It was then poured into brine 
(100 mL) and extracted with ether (3 x 100 mL). The combined organic layers were washed 
with NaHCO3 (100 mL) and brine (100 mL), dried over MgSO4 and concentrated. The solid 
residue was purified by column chromatography on silica gel (toluene/AcOEt, 4:1), and the 
isolated compound was washed with an acetonitrile/water (2:1, 60.0 mL) mixture, filtered and 
dried under vacuum, to afford formyl derivative 6 (0.070 mmol, 116.2 mg) as a blue solid. 
Yield: 65%. 
1H-NMR (300 MHz, THF-d8): δ (ppm) = 10.62 (s, 1H; Pc-CHO), 10.37-10.29 (m, 4H; Pc-H), 
10.03 (m, 2H; Pc-H), 9.73 (m, 1H; Pc-H), 9.47 (m, 1H; Pc-H), 8.69 (m, 1H; Pc-H), 4.16-3.97 
(m, 12H; SO2CH2-R), 2.61 (m, 6H; SO2CH2CHR), 1.86-1.43 (m, 48H; 
SO2CH2CH(CH2CH3)CH2 CH2CH2CH3), 1.17-0.93 (m, 36H; CH3). FT-IR (film): ν (cm-1) = 
2961, 2934, 2866, 1772, 1705 (νst CO), 1570, 1462, 1408, 1300 (νst as SO2), 1138 (νst sim SO2). 
UV-Vis (THF): λmax (nm) (log ε) = 694 (5.23), 672 (5.17), 638 (4.58), 609 (4.48), 372 (4.77). 
HRMS (MALDI-TOF, DCTB + PEGNa 1500): m/z calculated for C81H112N8O13S6Zn [M+]: 
1660.5959; found: 1660.5977. 
 
2,3,9,10,16,17-Hexakis(2-ethylsulfonyl)-23-(3’-hydroxypropyn-1-yl)-5,28:14,19-diimino-
7,12:21,26- dinitrilotetrabenzo[c, h, m, r][1, 6, 11, 16]tetraazacycloeicosinato-(2-)- N29, 
N30, N31, N32  zinc (II) (7) 
To a solution of hexasulfonyliodo ZnPc (5) (1.0 eq, 0.057 mmol, 100.4 mg), Pd(PPh3)2Cl2 
(10% mol, 0.006 mmol, 4.1 mg) and CuI (20% mol, 0.011 mmol, 2.2 mg) in dry THF (4.0 
mL), was added freshly distilled TEA ( 0.4 mL) under an argon atmosphere. The mixture was 
deoxygenated by bubbling argon through it for 30 min. Propargyl alcohol (2.0 eq, 0.113 
mmol, 7.0 µL) was subsequently added and the reaction was stirred at reflux for 20 h. The 
crude solution was then poured into aqueous HCl (0.1 M, 80.0 mL). The precipitate was 
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collected by filtration over celite, washed with water and dried. The crude was recovered from 
the filtration agent by using THF, and then concentrated in vacuum. The solid was purified by 
column chromatography on silica gel (CHCl3/THF, 40:1). The hydroxypropargyl derivative 
was purified by trituration in acetonitrile/water (2:1, mL) and filtration, obtaining ZnPc 7 as a 
green solid (0.028 mmol, 48.3 mg). Yield: 50%.   
1H-NMR (300 MHz, THF-d8): δ (ppm) = 10.38 (m, 4H; Pc-H), 9.75 (m, 2H; Pc-H), 9.05 (m, 
2H; Pc-H), 7.96 (m, 1H; Pc-H), 4.73 (s, 2H; Pc-CCCH2OH), 4.13 (m, 12H; SO2CH2-R), 2.84-
2.34 (m, 6H; SO2CH2CHR), 2.03-1.44 (m, 48H; SO2CH2CH(CH2CH3)CH2 CH2CH2CH3), 
1.26-0.90 (m, 36H; CH3). FT-IR (film): ν (cm-1) = 3516 (νst O-H), 2935, 2868, 1771, 1558, 
1464, 1410, 1302 (νst as SO2), 1140 (νst sim SO2). UV-Vis (THF): λmax (nm) (log ε) = 700 
(5.25), 670 (5.21), 640 (4.68), 608 (4.50), 373 (4.83). HRMS (MALDI-TOF, DCTB + 
PPGNa 2000): m/z calculated for C83H114N8O13S6Zn [M+]: 1686.6116; found: 1686.6097. 
 
2,3,9,10,16,17-Hexakis(2-ethylsulfonyl)-23-formylethynyl-5,28:14,19-diimino-7,12:21,26- 
dinitrilotetrabenzo[c, h, m, r][1, 6, 11, 16]tetraazacycloeicosinato-(2-)- N29, N30, N31, N32  
zinc (II) (8) 
To a well-stirred and colorless solution of IBX (4.0 eq, 0.292 mmol, 81.7 mg) in DMSO (2.0 
mL) was added a solution of ZnPc 7 (1.0 eq, 0.073 mmol, 123.3 mg) in THF/DMSO (1:1, 2.0 
mL, 2.0 mL). The mixture was left stirring at room temperature overnight. The reaction was 
monitored by TLC until all the starting material was consumed. It was then poured into brine 
(100 mL) and extracted with ether (3 x 100 mL). The combined organic layers were washed 
with NaHCO3 (100 mL) and brine (100 mL), dried over MgSO4 and concentrated. The solid 
residue was purified by column chromatography on silica gel (chloroform/THF, 40:1), and the 
isolated compound was washed with an acetonitrile/water (2:1, 60.0 mL) mixture, filtered and 
dried under vacuum, to afford formylethynyl derivative 8 (0.040 mmol, 67.7 mg) as a green 
solid. Yield: 55%. 
1H-NMR (300 MHz, THF-d8): δ (ppm) = 10.40 (m, 5H; Pc-CHO, Pc-H), 9.89-9.76 (m, 2H; 
Pc-H), 9.51-9.15 (m, 2H; Pc-H), 8.22 (bs, 1H; Pc-H), 4.26-3.82 (m, 12H; SO2CH2-R), 2.87-
2.45 (m, 6H; SO2CH2CHR), 1.84-1.30 (m, 48H; SO2CH2CH(CH2CH3)CH2 CH2CH2CH3), 
1.19-0.91 (m, 36H; CH3). FT-IR (film): ν (cm-1) = 2932, 2864, 2195, 1771, 1661(νst CO), 
1464, 1302 (νst as SO2), 1142 (νst sim SO2). UV-Vis (THF): λmax (nm) (log ε) = 696 (5.25), 675 
(5.21), 638 (4.58), 612 (4.51), 374 (4.80). HRMS (MALDI-TOF, DCTB + PPGNa 2000): 
m/z calculated for C83H112N8O13S6Zn [M+]: 1684.5959; found: 1684.5980. 
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23-Carboxy-2,3,9,10,16,17-hexakis(2-ethylsulfonyl)-5,28:14,19-diimino-7,12:21,26-
dinitrilotetrabenzo[c, h, m, r][1, 6, 11, 16]tetraazacycloeicosinato-(2-)- N29, N30, N31, N32  
zinc (II) (ZnPc1) 
To a well-stirred solution of formyl ZnPc 6 (1.0 eq, 0.096mmol, 160.3 mg) in THF (15.0 mL) 
at 0 ºC was added dropwise a solution of NaClO2 (2.0 eq, 0.192 mmol, 17.4 mg) in Milli-Q-
grade deionized water (1.5 mL). A solution of sulfamic acid (2.5 eq, 0.241 mmol, 23.3 mg) in 
water (1.5 mL) was added to the mixture while the reaction mixture was vigorously stirred at 
0 ºC. After the addition was complete, the solution was brought to room temperature and left 
stirring until the starting material was consumed. The crude solution was then poured into 
water (70 mL) and extracted several times with DCM (3 x 100 mL). The organic extracts 
were washed with water (100 mL), dried over MgSO4 and concentrated in vacuum. The solid 
was washed with a mixture an acetonitrile/water (2:1, 60.0 mL) mixture and filtered and dried 
under vacuum. In this way, compound ZnPc1 was obtained as a dark blue solid (0.067 mmol, 
113.3 mg). Yield: 70%. 
1H-NMR (300 MHz, THF-d8): δ (ppm) = 10.41 (m, 3H; Pc-COOH, Pc-H), 10.26 (m, 1H; Pc-
H), 10.06 (m, 2H; Pc-H), 9.88-9.65 (m, 2H; Pc-H), 9.33-9.13 (m, 1H; Pc-H), 8.76-8.64 (m, 
1H; Pc-H), 4.25-3.92 (m, 12H; SO2CH2-R), 2.69-2.38 (m, 6H; SO2CH2CHR), 1.88-1.45 (m, 
48H; SO2CH2CH(CH2CH3)CH2 CH2CH2CH3), 1.07-0.83 (m, 36H; CH3). FT-IR (film): ν 
(cm-1) = 3433 (νst O-H), 2957, 2930, 2862, 1776, 1695 (νst CO), 1560, 1466, 1398, 1290 (νst as 
SO2), 1142 (νst sim SO2). UV-Vis (THF): λmax (nm) (log ε) = 697 (4.99), 670 (4.93), 638 
(4.43), 607 (4.26), 370 (4.56). HRMS (MALDI-TOF, DCTB + PPGNa 2000): m/z calculated 
for C81H112N8O14S6Zn [M+]: 1676.5908; found: 1676.5891. 
 
23-Carboxyethynyl-2,3,9,10,16,17-hexakis(2-ethylsulfonyl)-5,28:14,19-diimino-
7,12:21,26-dinitrilotetrabenzo[c, h, m, r][1, 6, 11, 16]tetraazacycloeicosinato-(2-)- N29, 
N30, N31, N32  zinc (II) (ZnPc2) 
To a well-stirred solution of formyl ZnPc 8 (1.0 eq, 0.032 mmol, 54.7 mg) in THF (5.0 mL) at 
0 ºC was added dropwise a solution of NaClO2 (2.0 eq, 0.065 mmol, 5.8 mg) in Milli-Q-grade 
deionized water (1.0 mL). A solution of sulfamic acid (2.5 eq, 0.081 mmol, 7.8 mg) in water 
(1.0 mL) was added to the mixture while the reaction mixture was vigorously stirred at 0 ºC. 
After the addition was complete, the solution was brought to room temperature and left 
stirring until the starting material was consumed. The crude solution was then poured into 
water (30 mL) and extracted several times with DCM (3 x 40 mL). The organic extracts were 
washed with water (60 mL), dried over MgSO4 and concentrated in vacuum. The solid was 
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washed with a mixture an acetonitrile/water (2:1, 60.0 mL) mixture and filtered and dried 
under vacuum. In this way, compound ZnPc2 was obtained as a dark green solid (0.021 
mmol, 35.8 mg). Yield: 65%. 
1H-NMR (300 MHz, THF-d8): δ (ppm) = 10.76-10.04 (m, 6H; Pc-H), 9.47 (m, 2H; Pc-H), 
8.34 (m, 1H; Pc-H), 8.07 (m, 1H; Pc-H), 4.26-3.82 (m, 12H; SO2CH2-R), 2.87-2.45 (m, 6H; 
SO2CH2CHR), 1.73-1.30 (m, 48H; SO2CH2CH(CH2CH3)CH2 CH2CH2CH3), 1.18-0.81 (m, 
36H; CH3). FT-IR (film): ν (cm-1) = 3406 (νst O-H), 2961, 2920, 2866, 1732, 1597 (νst CO), 
1570, 1462, 1300 (νst as SO2), 1142 (νst sim SO2). UV-Vis (THF): λmax (nm) (log ε) = 700 
(5.02), 676 (4.97), 639 (4.43), 612 (4.30), 373 (4.57). HRMS (MALDI-TOF, DCTB + 
PPGNa 2000): m/z calculated for C83H112N8O14S6Zn [M+]: 1700.5908; found: 1700.5924. 
2. Photophysical, electrochemical, and microscopic methods 
	  
Steady-state absorption spectra were recorded with a Perkin-Elmer Lambda 35 and steady-
state emission spectra were recorded with a Fluoromax-3-spectrometer from HORIBA Jobin 
Yvon. Diffuse reflectance measurements were performed with a Cary 5000 (Varian) equipped 
with an integrated sphere; Spectralon was used as a reference. IR spectra were recorded on a 
Bruker Vector 22 instrument. 1H-NMR spectra were recorded on a BRUKER AC-300 (300 
MHz) instrument with solvent used as internal reference. Chemical shifts are measured in 
ppm relative to tetramethylsilane (TMS). MALDI-TOF MS spectra were obtained from an 
Applied Biosystem 4700 instrument equipped with a Nd:YAG laser operating at 335 nm. 
Column chromatography was carried out on silica gel Merck-60 (230-400 mesh, 60 Å), and 
TLC on aluminum sheets precoated with silica gel 60 F254 (Merck). Scanning electron 
microscopy (SEM) measurements were carried out using a Zeiss Gemini 55 Ultra electron 
microscope. Kelvin probe force microscopy was performed on CuO films deposited on FTO 
with a SKP5050 system (KP Technology) in air by using a gold tip (50µm). Cyclic 
voltammetry experiments were performed in CH2Cl2 containing 0.1 M tetrabutylammonium 
hexafluorophosphate, using a glassy carbon electrode as working electrode, Ag/AgNO3 as 
reference electrode and platinum as auxiliary electrode. Ferrocene was chosen as external 
reference. 
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3. Device preparation and analysis 
	  
CuO pastes of 15 wt% were prepared by diluting ethylcellulose (Sigma-Aldrich), CuO 
powder (CAS No. 1317-38-0, Iolitec) and triacetin (Sigma-Aldrich) in ethanol. The 
suspension was stirred for several days before being used for doctor blading. Prior to doctor 
blading fluorine doped tin oxide glass slides (FTO, 8 Ω/square, Pilkington, XOP Glass) were 
washed in an ultrasonic bath in solutions of acetone, tenside solution, water and isopropanol 
for 15 minutes each. Afterwards, the slides were cleaned in an ozone lamp cleaner (Jelight 
company, Inc). The pastes were applied by doctor blading onto the FTO substrates, with the 
help of a Scotch tape mask (total area of the electrodes was 0.2 cm2). In the next step, the 
prepared films were calcinated at 300 °C on a hotplate for 30 minutes and then immersed into 
the ZnPc dye solution (c = 1x10-4 M in ethanol). The thickness of the prepared electrodes was 
measured with a profilometer (Bruker OM DektakXT) and was determined to be 4 µm in 
average.  
The final devices were assembled by pressing the CuO electrodes and the Pt counter electrode 
(5 mM H2PtCl6 on FTO baked at 400 °C) with a Syrlin (Solaronix, 25 µm) at 150 °C. The 
electrolyte consists of i) 1M LiI and 0.4M I2 in a 50:50 mixture of acetonitrile/3-
methoxypropionitrile and ii) Co2+/Co3+ (0.01M:0.1M) species of [Co(dtb-bpy)3][PF6]2/3 in 
acetonitrile solution filtered with a millipore PTFE 0.45µm pore size filter.[4]   The electrolyte 
was filled into the cell through two pre-drilled holes in the counter electrode and the holes 
were afterwards sealed with Syrlin foil and an additional glass slide. Five devices have been 
measured each for ZnPc1 and ZnPc2 to ensure the reproducibility of our results. 
The assembled devices were tested under dark, and 1 sun AM 1.5 standard conditions. 
Photocurrent curves were measured with a potentiostat (Metrohm µAutolab III) in the range 
of -0.2 to 0.05 V, with the counter electrode connected to the CuO and the working electrode 
connected to the platinum electrode. Electrochemical impedance measurements were 
measured with the same potentiostat under 1 sun AM 1.5, and dark conditions in the 
frequency range of 0.01 Hz to 100 kHz. Multiple impedance measurements with different 
applied bias have been performed for each device starting at the Voc going in 10 mV steps 
until the Jsc condition has been reached. The obtained Nyquist plots were fitted with an 
appropriate model to obtain the impedance parameters - Figure S8.[5] The devices filled with 
the cobalt-based electrolyte were too instable to perform the full EIS characterization over the 
whole voltage range. Thus, we only performed the experiment under Voc and Jsc conditions. 
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Incident photon-to-current efficiency (IPCE) has been measured in the spectral range of 320 
to 780 nm by illuminating the p-type CuO DSSCs with a xenon arc lamp over a Cornerstone 
260 1/4 m Monochromator equipped with a Merlin digital radiometric lock-in-system. 
4. Electrochemical characterization 
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Figure S1: Cyclic Voltammetry of ZnPc1 (left) and ZnPc2 (right) in dichloromethane, Fc/Fc+ was used as an external reference. 
 
 
 
 
 
Figure S2: Schematic diagram of the HOMO/LUMO levels of ZnPc1 and ZnPc2 with respect to the VB/CB energy of CuO and the potential of the I-/I3- and 
Co2+/Co3+ redox couples.  
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5. Microscopical and spectroscopical characterization 
	  
Table S1: Absorption (λabs) and Emission (λem) maxima, extinction coefficient (ε), fluorescence quantum yield (Φf) and excited state lifetime (τ) of ZnPc1, 
ZnPc2, and ttb-ZnPc.  
 
Dye λabs (ε  x 104 l mol-1 cm-1)[nm] λ em [nm] Φ f τ  [ns] 
ZnPc1 368 (5.00), 666 (9.25), 704 (9.38) 710 0.29 1.99 
ZnPc2 370 (5.94), 669 (11.75), 701 (11.79) 707 0.29 2.06 
ttb-ZnPc 347 (8.02), 674 (22.94) 679 0.26 3.0 
	  
	  
 
Figure S3: SEM images with 5k magnification (top) and 100k magnification (bottom) of a CuO electrode after calcination. 
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Figure S4: Determination of the bandgap of CuO electrodes by diffuse reflectance assays. 
 
6. Device characterization 
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Figure S5: Figures-of-merit vs. dye soaking time of a device with a LiI:I2 (1M:0.2M) electrolyte in acetonitrile and ZnPc2. 
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Figure S6: Nyquist plots (solid squares) with the corresponding circuit model fits (line) for ZnPc1 (black) and ZnPc2 (red) devices under Voc (top) and Jsc 
(bottom) conditions as well as under 1 sun AM 1.5 (left) and dark (right) conditions for the iodine-based devices. 
 
 
Figure S7: Electrical circuit model used to obtain the determined EIS parameter. 
 
12	  
	  
20 0 -20 -40 -60 -80 -100
110
120
130
140
150
160
170
180
190
200
210
220
C
µ [
µF
]
Applied Voltage [mV]
	  
20 0 -20 -40 -60 -80 -100
30
40
50
60
70
80
90
100
η
cc
 [%
]
Applied Voltage [mV]
	  
20 0 -20 -40 -60 -80 -100
0
5
10
15
20
25
30
35
40
45
L e
ff [
µm
]
Applied Voltage [mV]
	  
20 0 -20 -40 -60 -80 -100
0.0
1.0x10-4
2.0x10-4
3.0x10-4
4.0x10-4
5.0x10-4
6.0x10-4
D
ef
f [
cm
2 /s
]
Applied Voltage [mV]
	  
Figure S8: Device parameters determined by EIS. Cµ (top left), ηcc (top right), Leff (bottom left) and Deff (bottom right) for ZnPc1 (black) and ZnPc2 (red). 
 
 
Table S2: Impedance parameters under Voc conditions for ZnPc1 and ZnPc2 devices filled with the iodine-based electrolyte. 
 
Device RCT [Ω] Rrec [Ω] Cµ [µF] η cc [%] Leff [µm] Deff [cm2/s] 
ZnPc1 61.8 93.8 169.2 34.1 4.6 2.5 x 10-5 
ZnPc2 40.0 69.8 195.5 42.7 5.2 4.6 x 10-5 
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Figure S9: Nyquist plots (solid squares) with the corresponding circuit model fits (line) for ZnPc1 (black) and ZnPc2 (red) devices under Voc (top) and Jsc 
(bottom) conditions as well as under 1 sun AM 1.5 (left) and dark (right) conditions for the cobalt-based devices. 
 
 
Table S3: Impedance parameters under Voc and Jsc conditions for ZnPc1 and ZnPc2 devices filled with the cobalt-based electrolyte. 
 
Device RCT at Voc [Ω] Rrec at Voc [Ω] RCT at Jsc [Ω] Rrec at Jsc [Ω] 
ZnPc1 314.6 524.9 825.1 2307.0 
ZnPc2 216.5 413.4 704.0 2378.3 
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